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Abstract
Objective: The study aimed to evaluate the impact of a 15-month intervention on
dietary intake conducted among obesity-prone normal-weight pre-school
children.
Design: Information on dietary intake was obtained using a 4 d diet record. A diet
quality index was adapted to assess how well children’s diet complied with the
Danish national guidelines. Linear regression per protocol and intention-to-treat
analyses of differences in intakes of energy, macronutrients, fruit, vegetables, ﬁsh,
sugar-sweetened beverages and diet quality index between the two groups were
conducted.
Setting: The Healthy Start study was conducted during 2009–2011, focusing on
changing diet, physical activity, sleep and stress management to prevent excessive
weight gain among Danish children.
Subjects: From a population of 635 Danish pre-school children, who had a high
birth weight (≥4000 g), high maternal pre-pregnancy BMI (≥28·0 kg/m2) or low
maternal educational level (<10 years of schooling), 285 children completed the
intervention and had complete information on dietary intake.
Results: Children in the intervention group had a lower energy intake after the
15-month intervention (group means: 5·29 v. 5·59 MJ, P= 0·02) compared with the
control group. We observed lower intakes of carbohydrates and added sugar in
the intervention group compared with the control group after the intervention
(P= 0·002, P= 0·01).
Conclusions: The intervention resulted in a lower energy intake, particularly from
carbohydrates and added sugar after 15 months of intervention, suggesting that
dietary intake can be changed in a healthier direction in children predisposed to
obesity.
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The increasing prevalence and incidence of obesity is one
of the major challenges to good health worldwide(1).
Particularly the high obesity rates among children of all
ages are a major concern, because of the immediate and
long-term adverse psychosocial and health-related con-
sequences (including reduced survival) of being over-
weight or obese in childhood(2–9). Preventive efforts to
avoid obesity early in life and maintain the prevention
effects over time are warranted to secure a healthy child-
hood and adulthood. It is clear that obesity is under the
inﬂuence of both genetic and environmental factors
(including diet and physical activity (PA))(10–12), which
complicates efforts to prevent development of obesity
among children. In this regard, studies have shown that
some groups may be at increased risk of becoming over-
weight and obese later in life, such as those children with
obesity among their ﬁrst-degree relatives(13), children born
with high birth weight (≥4000 g)(14) and children from
socially disadvantaged families(15). Furthermore, research
also suggests that low birth weight and rapid catch-up
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growth together, as well as maternal smoking during
pregnancy, are associated with childhood overweight(13,16).
Targeting such predisposed groups of children for obesity
prevention may be more effective than targeting unselected
population subsets of children(15,17).
Since dietary intake and PA are modiﬁable risk factors,
they are of particular interest when it comes to obesity
prevention. It is well documented that a healthy dietary
intake is associated with lower risk of certain diseases such
as overweight and obesity, type 2 diabetes and CVD(18–23).
Especially vegetables, fruit, whole grains and ﬁsh have
been associated with lower risk of diseases(18–20). Evi-
dence(24) also indicates that diet patterns that are high in
energy-dense, high-fat- and low-ﬁbre foods are related to
later development of overweight and obesity in young
people. Moreover, it has been shown that a high con-
sumption of sugar-sweetened beverages (SSB) is asso-
ciated with weight gain in children(25). In addition, there is
some evidence to indicate that examining multiple dietary
factors within a diet pattern may better explain the asso-
ciation between dietary intake and obesity development
than individual nutrients or foods(24). Dietary habits are
established in early life(26) and securing healthy dietary
habits throughout life by intervening as early as possible
and before overweight and obesity is established is
therefore important. One such target group is those yet of
normal weight, but predisposed to future development of
obesity.
On this background, the objective of the present study
was to evaluate the impact on dietary intake of a 15-month
weight gain intervention focusing on diet, PA, sleep and
stress management among normal-weight children pre-
disposed to future obesity. Speciﬁcally, we examined if
intervention children improved their (i) energy intake and
diet composition of macronutrients, (ii) intakes of fruit,
vegetables, ﬁsh and SSB and (iii) diet quality, compared
with children from the control group.
Methods
Study design
Healthy Start was a randomized controlled primary
weight-gain prevention intervention study conducted
between 2009 and 2011(27). The study consisted of
children aged 2–6 years from eleven municipalities in the
greater Copenhagen area of Denmark, born between
1 January 2001 and 31 December 2007, who were all
considered predisposed for later development of obesity.
Children were considered predisposed if they had a high
birth weight (≥4000 g), a mother who was overweight
prior to pregnancy (BMI≥ 28·0 kg/m2) or came from a
family with low socio-economic status (maternal educa-
tional level ≤ 10 years). After selecting the children in
Danish registries and administrative birth forms (n 5902),
they were randomized into three groups: the intervention,
control and shadow control groups. All siblings were
allocated into the same group. A total of 1159 parents to
children accepted to participate in the study. Information
from the shadow control group is not used in the present
study because information about dietary intake was not
obtained in this group (n 524). Parents to children who
accepted to participate in the study were invited with the
child to meet with a health consultant (n 635). At the ﬁrst
consultation height and weight of the child were measured
and BMI calculated. Children classiﬁed as overweight,
according to the international cut-offs developed by Cole
et al.(28), were excluded from the study (n 92). If the child
was of normal weight, he/she was included and had
additional anthropometric measurements taken. Only
children with full information on dietary intake at baseline
and follow-up were included in the per protocol (PP)
analyses (n 285; Fig. 1).
Children in the intervention group were assigned to a
health consultant trained in nutrition and dietetics, and most
children were followed by the same consultant throughout
the 15 months of follow-up. Each child and his/her family
were seen on a regular basis, with up to ten consultations
during follow-up. The frequency of the meetings and the
agenda were based on individual needs and resources of
each family. The consultations in the intervention were
focused around four themes: optimizing diet and PA in
accordance with the ofﬁcial Danish national recommenda-
tions, together with sleep and stress management.
The dietary advice used for guidance in the consulta-
tions was based on the Nordic Nutrition Recommenda-
tions from 2004(29), which were converted into the Danish
national recommendations, ‘The 8 Dietary Guidelines’(30).
Each of the eight dietary guidelines was included in the
intervention and adjusted to the age of the target group
(Table 1). Furthermore, all children were given a Y-plate
that was visually divided into three spaces: 1/5 (ﬁsh, meat,
poultry and eggs), 2/5 (pasta, rice, potatoes and whole
grains) and 2/5 (fruit and vegetables)(31). The intervention
families were also invited to participate in group-based
bimonthly cooking classes and monthly play and activity
events. The purposes of the cooking classes were to help
the parents convert theory obtained from the consultations
into practice and to encourage them to involve the chil-
dren in meal preparation. The classes took place around
dinner time and lasted approximately 2·5 h. Each class had
a different theme, such as how to create a healthy lunch
box, how to include more ﬁsh in the diet, creating healthy
fast food, healthy salads and desserts, preparation of
dishes without meat and making healthy soups. At the
beginning of the class, families received a brief brush-up
on the theory of the day’s topic and recipes. Afterwards,
each family prepared a dish and presented it for the other
participating families during the joined intake of the meal
by the end of the class. Beside the consultations and
cooking events, the families could get inspiration for
cooking healthy meals on the Healthy Start primary
Dietary results from the Healthy Start study 2989
intervention webpage (www.sundstart.nu). Children allo-
cated to the control group met with a health consultant
twice; at the beginning of the study and at follow-up
approximately 15 months after their ﬁrst visit.
Diet assessment
At baseline and follow-up, the parents were asked to ﬁll out
a 4 d record of their child’s dietary intake from Wednesday
to Saturday. These days were speciﬁcally chosen to gain
Table 1 The Danish national recommendations: ‘The 8 Dietary Guidelines’*
1. Eat fruit and vegetables (minimum 300–500g/d, depending on age)
2. Eat fish or fish filling several times per week (minimum 200–300g/week)
3. Eat potatoes, rice or pasta and wholegrain bread every day (minimum 200–300g/d)
4. Limit sugar, especially from soft drinks, sweets and cake (maximum 10 E%)
5. Limit fat (maximum 30 E%), especially from dairy products and meat (maximum 10 E%)
6. Eat from all food categories every day, choose various products within each food category
7. Quench your thirst with water (1–1½ litres/d)
8. Be physically active (minimum 1h/d)
E%, percentage of energy.
*Based on the Nordic Nutrition Recommendations from 2004(29) and adjusted to the age of the target group.
Excluded:
Overweight children
n 92
Study population at baseline
n 543
Intervention group: n 271
Control group: n 272
Excluded:
Children with missing dietary information at
baseline and follow-up
n 258
Completers with dietary information after
15 months of follow-up
n 285
Intervention group: n 124
Control group: n 161
Excluded:
Sub-cohort followed in general practice register
only
(only information on weight and height)
n 524
Children invited to participate in the
Healthy Start study
n 3722
Target group identified in the Danish
national birth register and administrative
birth forms
n 5902
Individuals who moved from the municipality,
had no permanent address, had died, lived in a
children’s home or were protected from being
contacted by researchers
n 2180
Children participating at baseline
examination
n 635
Intervention group: n 320
Control group: n 315
Children accepting to participate in the
Healthy Start study
n 1159
Declined to participate
n 2563
Fig. 1 Flowchart of the study population
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information on the dietary intake on both weekdays and
weekend days. To help the families estimate portion sizes
of the foods eaten, the diet records were accompanied by a
picture book including seventeen series with foods and
portion sizes(32). The software Dankost 3000, used for
nutrition calculation (http://dankost.dk), was based on
the ofﬁcial Danish national food composition database
(version 7.01) developed by the National Food Institute at
the Technical University of Denmark(33).
Outcome
One of the components of the diet intervention was
to improve the composition of macronutrient intake.
Recommendations were based on the Nordic Nutrition
Recommendations from 2004(29), as follows.
∙ Fat: maximum 30% of energy (E%).
∙ Saturated fat: maximum 10 E%.
∙ Carbohydrates: maximum 55 E%.
∙ Added sugar: maximum 10 E%.
∙ Protein: minimum 15 E%.
The intake of several food and beverage groups was
considered of particular interest based on ‘The 8 Dietary
Guidelines’ and was examined in more detail. These
groups included fruit, vegetables, ﬁsh and SSB (intake
units: g/d) and were deﬁned as follows.
∙ Fruit: fresh, canned and frozen (excluding jam, fruit
juice, dried fruit and fruit products with added sugar).
∙ Vegetables: fresh, canned and frozen (excluding fried
onion, ketchup, pickles and potatoes).
∙ Fish: fatty ﬁsh, lean ﬁsh and shellﬁsh.
∙ SSB: soft drinks, squash, chocolate milk, milkshake and
drinking yoghurt.
A diet quality index (DQI) based on guidelines related to
dietary intake was developed to evaluate the overall
quality of the children’s diet. The DQI was adapted from
Knudsen et al.(34). The following nutrients and food items
were included in the index.
∙ Fat: maximum 30 E%.
∙ Saturated fat: maximum 10 E%.
∙ Added sugar: maximum 10 E%.
∙ Fish: minimum 200 g/week.
∙ Fruit and vegetables: minimum 300 g/d.
∙ Potatoes, rice or pasta (wholegrain bread not included):
minimum 200 g/d.
The two dietary guidelines ‘Quench your thirst with water
(minimum 1− 1½ litres/d)’ and ‘Be physically active
(minimum 1h/d)’ were not included in the DQI due to the
lack of accurate data corresponding to these guidelines.
For each child, a DQI score was calculated at baseline and
follow-up, based on the six nutrients/food groups, as a
function of the relationship between the recommended
intake and the reported intake. For the food groups with a
minimum recommended intake, the group score would be
based on the ratio (R/RT) between the reported (R) and
the recommended (RT) intake, where the score was set to
1 for intakes with R≥RT. For the food groups with a
maximum recommended intake, the score was instead
derived as 1 RRTð Þ= Rmax RTð Þ, where the score
was set to 1 for intakes R≤RT. In the latter equation Rmax
is the maximum value possible, or attained, which for
example would be 100 for the variables based on E%. For
example, if a child had a fruit and vegetable intake of
100 g/d and a fat intake of 32 E%, the corresponding
scores were calculated as 100=300= 033 and
1 32 30ð Þ= 100 30ð Þ= 097, respectively. Hence the
score for each of the food items and nutrients ranged
between 0 and 1, with 0 representing a score the furthest
away from the recommendation and 1 a score fully com-
plying with the recommendation. Finally, total scores were
generated by summing the six individual scores; hence,
by construction, the DQI was derived as a continuous
variable ranging from 0 to 6.
Covariates for multiple imputations
Information on the child’s native municipality, gender and
age was obtained from the Medical Birth Registry(35).
Furthermore, by linking the civil registration number for
each of the children included in the intervention to the
Danish Health Visitors’ Child Health Database, information
on the number of months the child was breast-fed without
supplements, maternal and paternal highest education
(primary school or above primary school), maternal and
paternal ethnicity (Danish, or ﬁrst-, second- or third-
generation immigrants, including reunited families) was
obtained. These data were collected by health visitors and
retrieved from the Danish Health Visitors’ Child Health
Database. The Database Steering Committee approved of
and provided the data.
Information on the child’s PA level was obtained from a
questionnaire completed by parents at baseline and was
based on the question: ‘How physically active is the child
compared to other children at the same age?’ The parents
could indicate if they perceived their child as being ‘fairly
active’, ‘very active’, ‘not so active’ or ‘do not know’.
Moreover, information on the parents’ height and weight
was self-reported in the parental questionnaire at baseline
and was used to calculate BMI. Child BMI was calculated
based on height and weight which were measured at
baseline by a trained health professional. Height was
measured to the nearest 0·1 cm using a stature meter
(Soehnle 5,002 or Charter ch200P). The children had bare
feet or wore socks. Body weight was measured to the
nearest 0·1 kg using a mechanical or beam-type weighing
scale (Tanita BWB-800 or SV-SECA 710). Children were
measured in underwear and were asked to urinate, if
possible, before weighing. If the child was using a diaper,
a new one was put on before weighing. BMI Z-scores
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were generated using the Lambda-Mu-Sigma method,
which summarizes the changing distributions of the
dependent variable by the median, the CV and the skew
expressed as Box–Cox power(36). A gender- and age-
speciﬁc power transformation in increments of 0·1 years
was used, applying national reference Z-scores to
the study population rather than internal reference
Z-scores(37).
Statistical methods
Per protocol analyses
Linear regression models were used to evaluate the effect
of the intervention on dietary intake, with adjustments
for baseline level. We corrected for heteroscedasticity
using the robust (or sandwich) estimator of variance.
Possible gender interaction was explored for all analyses
by adding a product term to the models. Signiﬁcant
interactions were further evaluated through stratiﬁed
analyses. A few children, in the PP analyses, participated
together with at least one sibling. Sensitivity analyses
were conducted where siblings (n 15) were excluded.
Furthermore, sensitivity analyses looking at changes
as well as analyses on food groups adjusted for baseline
energy intake were conducted. Analyses of dropouts
were performed to investigate if completers differed from
non-completers with regard to the selection criteria
(birth weight, maternal pre-pregnancy BMI and maternal
education level).
Intention-to-treat analyses
To investigate whether selection bias or dropout may have
affected the results in the completer analyses, any child
who dropped out after the baseline examination was
included in the intention-to-treat (ITT) analyses (n 543),
following modiﬁed ITT principles(38). Multiple imputations
were used to impute missing values in the ITT analyses. In
the multiple imputations, m= 10 complete data sets were
ﬁrst generated. In each set of data, the missing value was
then replaced with the imputed values, which were con-
structed based on predictive distributions for each of the
missing values. Afterwards each of the completed data sets
was then analysed, and the results from the ten analyses
were combined to create a single set of estimates that
comprised the variability associated with the missing
values. The imputations were made using chained equa-
tions as implemented in Stata through the commands ice
and mim(39) and based on the following set of imputation
variables: information on allocated group, municipality,
BMI Z-score at baseline, gender, age at baseline (years),
number of months breast-fed without formula, PA level at
baseline (‘fairly active’, ‘very active’, ‘not so active’ or ‘do
not know’), total energy intake (kJ) at baseline, macro-
nutrients (intake of protein, carbohydrates and fat; E%) at
baseline, food groups (intake of ﬁsh, SSB, fruit and
vegetables; g/d) at baseline, maternal and paternal
ethnicity (non-Danish/Danish), maternal and paternal
education (years of schooling), and maternal and paternal
BMI at baseline (kg/m2). As in the PP analyses (n 285),
linear regression analyses were used to examine the
differences between the intervention and control group
in the ITT analyses with baseline adjustments (n 543).
Furthermore, sensitivity analyses without siblings (n 39)
were performed. Analyses were run using the statistical
software package Stata version 14.0 (www.stata.com).
Results
In total 124 children from the intervention group and 161
from the control group had complete information on
dietary intake both before and after the intervention. The
baseline characteristics of these children are presented in
Table 2. Analyses of dropouts based on the selection cri-
teria showed a higher maternal educational level among
the participating children compared with children who
dropped out. No differences were observed in relation to
birth weight and maternal pre-pregnancy BMI (see online
supplementary material, Supplemental Table 1).
In the PP analyses, a higher total energy intake was
observed at follow-up in the control group (group mean:
5·29MJ) compared with the intervention group (group
mean: 5·59MJ; P= 0·02; Table 3). No signiﬁcant differ-
ences in percentage of energy from fat, saturated fat,
carbohydrates, added sugar or protein were observed after
the 15-month follow-up. However, the intervention group
had a lower absolute energy intake of carbohydrates
(group means: 2·93 v. 3·15MJ) and added sugar (group
means: 0·35 v. 0·43MJ) after the intervention compared
with the control group (P= 0·002, P= 0·01; Table 3). No
differences were seen for intakes of fruit, vegetables, ﬁsh,
SSB or DQI between the two groups in the PP model
(Tables 3 and 4).
We found a signiﬁcant interaction between gender and
allocation group in relation to protein intake in the PP
analyses (P= 0·01), but the further analyses stratiﬁed by
gender did not reveal any signiﬁcant differences in relation
to protein intake for boys (intervention group: 15·2 E%,
control group: 15·7 E%) or girls (intervention group: 15·5
E%, control group: 16·0 E%) between the intervention and
control groups (boys: P= 0·07, girls: P= 0·08).
Sensitivity analyses conducted without siblings included
(n 15) gave essentially similar associations to the PP ana-
lyses, although, without the siblings, the association
between allocation group and total energy intake was bor-
derline signiﬁcant only (P=0·05; see online supplementary
material, Supplemental Tables 2 and 3). Looking at changes
in total energy intake also revealed a signi-
ﬁcantly lower total energy intake among children in the
intervention group (group means: 0·4 v. 0·7MJ) compared
with children in the control group (P= 0·02; Supplemental
Table 4). Moreover, looking at changes in food groups
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revealed no signiﬁcant differences between the intervention
and control group (Supplemental Table 5). Furthermore,
looking at the food groups adjusted for baseline energy
intake revealed no signiﬁcant differences between the
intervention and control groups (Supplemental Table 6).
Similar to the PP analyses, the ITT analyses showed
a lower total energy intake among the children from
the intervention group (group means: 5·21 v. 5·46MJ)
compared with the children in the control group; however,
the difference no longer reached signiﬁcance (P= 0·06). A
lower carbohydrate intake (group means: 53·1 v. 54·2 E%)
was observed in the intervention group compared with
the children in the control group (P= 0·05; Table 3).
No signiﬁcant differences were observed, in the ITT
model, between allocation groups for fat, saturated fat,
added sugar, protein, fruit, vegetables, ﬁsh, SSB or DQI
(Tables 3 and 4). However, similar to the PP analyses,
lower intakes of energy from carbohydrates (group
means: 2·93 v. 3·09MJ) and added sugar (group means:
0·36 v. 0·42MJ) were observed in the intervention
group compared with the control group at the 15-month
follow-up (P= 0·01, P = 0·05; Tables 3 and 4). Lastly,
sensitivity analyses looking at changes in dietary intake
and food groups adjusted for energy intake gave
essentially similar results (see online supplementary
material, Supplemental Tables 2–6).
Discussion
The present study evaluated the impact of a 15-month
intervention on dietary intake and quality among
pre-school children predisposed to obesity. The results
indicated that after the intervention the children in the
intervention group had a lower mean total energy intake
compared with the control group, mainly as the result
of lower intakes of energy from carbohydrates and
added sugar.
The observed lower added sugar intake could indicate
a better diet quality and may, together with the reduced
total energy intake, be beneﬁcial in relation to primary
prevention of excessive weight gain and later potential
development of overweight and obesity.
When comparing our results with those from other
obesity prevention intervention studies among young
children (0–5 years), few of these previous studies
reported positive changes in dietary intake(40–44).
One of these studies, conducted among African-American
Table 2 Baseline characteristics of the included participants stratified by intervention status*: obesity-prone
normal-weight Danish pre-school children, Healthy Start study, 2009–2011
Intervention group Control group
n Median P5, P95 n Median P5, P95
Age (years) 124 4·0 2·6, 5·5 161 3·9 2·4, 5·7
Gender (% boys) 124 58·1 161 57·8
BMI Z-score (SD) 124 0·1 −1·2, 1·2 161 0·2 −1·0, 1·2
Total energy intake (MJ) 124 4·87 3·53, 6·51 161 4·74 3·39, 6·81
Fat (E%) 124 29·8 22·8, 36·9 161 28·9 22·3, 38·3
Fat (MJ) 124 1·42 0·97, 2·06 161 1·34 0·84, 2·17
Saturated fat (E%) 124 11·2 7·6, 14·4 161 10·8 6·9, 14·5
Saturated fat (MJ) 124 0·50 0·31, 0·83 161 0·50 0·28, 0·84
Carbohydrates (E%) 124 54·9 47·6, 62·3 161 55·5 44·7, 62·5
Carbohydrates (MJ) 124 2·76 1·90, 3·85 161 2·80 1·93, 3·93
Added sugar (E%) 124 7·1 1·7, 13·2 161 7·2 1·8, 14·1
Added sugar (MJ) 124 0·34 0·07, 0·72 161 0·33 0·09, 0·75
Protein (E%) 124 15·1 12·2, 20·2 161 15·5 12·5, 19·4
Protein (MJ) 124 0·75 0·50, 1·02 161 0·74 0·53, 1·09
Fruit (g/d) 124 86 12, 213 161 91 23, 195
Vegetables (g/d) 124 93 20, 181 161 88 25, 180
Fish (g/day) 124 12 0, 47 161 10 0, 47
SSB (g/d) 124 34 0, 213 161 50 0, 263
DQI (units) 124 4·3 3·4, 5·1 161 4·3 3·6, 5·3
n % n %
Birth weight above cut-off (≥4000g)
No 34 27·4 46 28·6
Yes 90 72·6 115 71·3
Maternal educational level
≤10 years 2 2·7 3 3·2
>10 years 71 97·3 91 96·8
Maternal pre-pregnancy BMI above
cut-off (BMI ≥28·0 kg/m2)
No 56 53·4 76 58·0
Yes 48 46·2 55 42·0
P5, 5th percentile; P95, 95th percentile; E%, percentage of energy; SSB, sugar-sweetened beverages; DQI, diet quality index.
*Results presented as median and P5, P95 unless otherwise stated.
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children, reported a difference between intervention and
control children regarding percentage of energy from
saturated fat, 11·6 v. 12·8% at 1-year follow-up, but no
differences were observed post-intervention or at a 2-year
follow-up(40). Moreover, no differences were observed for
intakes of total fat and ﬁbre. Additionally, the changes
observed for intake of saturated fat were conﬁned to the
African-American children, but were not observed among
the Latino participants(41). In our study, we did not see
differences in saturated fat intake between the intervention
and control groups, but the mean intake was above
the recommendation of 10 E% in both groups. Our PP
analyses showed a slightly lower intake of energy from
carbohydrates in the intervention compared with the
control group at the 15-month follow-up, potentially
stemming from less added sugar and soft drinks. However,
individual changes in soft drinks did not differ between
intervention and control children. This reduction in dis-
cretionary energy together with a lower intake of sugared
drinks has also been observed in a Swedish intervention
study among 9–48-month-old children(45). Also, in another
intervention study(42) among children with impending
overweight, lower total energy intake and percentage
protein intake were reported among children in the
intervention group compared with the control group after
the intervention(42). These results for total energy intake
are in good agreement with our results also showing a
lower total energy intake among the children from the
intervention group compared with the controls. This
observed lower total energy intake may indicate a positive
effect of the intervention with regard to obesity preven-
tion. In an earlier 10-month obesity prevention interven-
tion programme focusing on diet and PA strategies among
Australian children aged 3–6 years(46), a higher intake of
fruit and vegetables was seen after the intervention among
children from the intervention group compared with the
controls, and the intervention children were less likely to
have unhealthy food items in their lunch boxes(47). We
Table 3 Effects of the intervention on intakes of energy and macronutrients at 15-month follow-up*: obesity-prone
normal-weight Danish pre-school children, Healthy Start study, 2009–2011
Intervention group Control group
n Mean 95% CI Mean 95% CI P value
Total energy intake (MJ)
PP 285 5·29 5·11, 5·46 5·59 5·41, 5·76 0·02
ITT† 543 5·21 4·98, 5·44 5·46 5·29, 5·62 0·06
Fat (E%)
PP 285 31·1 30·3, 32·0 30·2 29·5, 31·0 0·12
ITT† 543 31·0 30·1, 31·9 30·0 29·2, 30·9 0·07
Fat (MJ)
PP 285 1·66 1·58, 1·74 1·70 1·63, 1·78 0·39
ITT† 543 1·64 1·54, 1·73 1·66 1·59, 1·74 0·59
Saturated fat (E%)
PP 285 11·2 10·7, 11·6 11·0 10·7, 11·4 0·70
ITT† 543 11·1 10·7, 11·5 11·0 10·7, 11·3 0·58
Saturated fat (MJ)
PP 285 0·59 0·56, 0·62 0·62 0·59, 0· 66 0·18
ITT† 543 0·60 0·56, 0·64 0·61 0·58, 0·64 0·56
Carbohydrates (E%)
PP 285 53·1 52·1, 54·0 53·9 53·2, 54·6 0·14
ITT† 543 53·1 52·2, 54·0 54·2 53·5, 54·9 0·05
Carbohydrates (MJ)
PP 285 2·93 2·83, 3·03 3·15 3·05, 3·24 0·002
ITT† 543 2·93 2·83, 3·02 3·09 2·99, 3·18 0·01
Added sugar (E%)
PP 285 6·7 6·0, 7·3 7·4 6·9, 7·3 0·09
ITT† 543 6·8 6·1, 7·6 7·5 6·8, 8·1 0·18
Added sugar (MJ)
PP 285 0·35 0·31, 0·39 0·43 0·39, 0·47 0·01
ITT† 543 0·36 0·31, 0·41 0·42 0·38, 0·46 0·05
Protein (E%)
PP 285 15·9 15·4, 16·3 15·8 15·4, 16·3 0·78
ITT† 543 15·7 15·3, 16·1 15·8 15·4, 16·1 0·87
Protein (MJ)
PP 285 0·83 0·80, 0·87 0·88 0·84, 0·91 0·12
ITT† 543 0·82 0·77, 0·88 0·86 0·83, 0·90 0·14
PP, per protocol; ITT, intention-to-treat (unadjusted model); E%, percentage of energy.
*The difference between groups was tested using linear regression modelling with adjustment for baseline levels. Results presented as
mean and 95%CI.
†Imputations on allocated group municipality, BMI Z-score, gender, age at baseline, number of months breast-fed without supplements,
physical activity level at baseline, total energy intake (kJ) at baseline, macronutrients (intake of protein, carbohydrates and fat; E%) at
baseline, food groups (intake of fish, SSB, fruit and vegetables; g/d) at baseline, maternal ethnicity, paternal ethnicity, maternal
education, paternal education, maternal BMI at baseline and paternal BMI at baseline.
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generally did not see signiﬁcant intervention effects on the
various elements of the diet like fruit, vegetables and ﬁsh,
or on overall diet quality; however, trends were generally
in a healthier direction. Both groups had a DQI above the
mean (4·3 on the scale from 0 to 6), which may indicate
good compliance with the Danish national dietary guide-
lines before the intervention and hence potentially less
room for improvement. The intervention focused on var-
ious elements and on average the families had four con-
sultations during the study, which may have made the
intervention too complex to promote larger changes in
dietary intake. As far as we know, no previous obesity
prevention intervention programme among young chil-
dren (0–5 years) has examined effects on overall diet
quality(43), so our results cannot be compared with pre-
vious ﬁndings.
To the best of our knowledge, the Healthy Start inter-
vention programme is the ﬁrst study that aimed to prevent
excessive weight gain among yet normal-weight pre-
school children predisposed to future obesity(48), and not
only aimed at improving diet and PA, but also to improve
sleep quality and quantity and reducing stress. The
strengths of the Healthy Start study are the randomized
design, which minimizes the possibility that any of the
observed associations were due to confounding, and a
relatively long intervention period compared with pre-
vious interventions(43). The use of validated measurements
for dietary intake is also a strength of the present study.
However, we do acknowledge that even though dietary
intake was assessed using a validated tool, biased report-
ing may still have been present. In total, 96% of all Danish
children aged between 3 and 6 years spend more than
7·5 h/d in day care(49) and since the caregivers were not
instructed to ﬁll out dietary registration for the children
or did not have the time to inform parents about the
children’s dietary intake, there is a possibility that the
children may not have eaten all food provided and hence
the parents may have over-reported their intakes. Never-
theless, this bias in reporting would be expected to be
present in both the intervention and the control groups
and should therefore most likely not affect the comparison
of the groups. On the other hand, parents of the inter-
vention children may, as a consequence of the interven-
tion, have given more biased information on dietary intake
at follow-up than control parents. Indeed, at follow-up,
8% in the intervention and 2·5% in the control group
under-reported intakes(50) and we cannot exclude that this
may have contributed to the observed effects on overall
energy intake of the intervention. A higher maternal
education level among the participating children was
observed, which could indicate that some selection bias
has been introduced. This could partly explain the lack
of observed effects of the intervention on the speciﬁc
nutrients and foods, since previous research has indicated
that there may be less space for improvement in diet for
children from families with high socio-economic status,
and that children from families with low socio-economic
status may beneﬁt most from participating in intervention
programmes(51). Likewise, observer bias may potentially
also be a concern in the Healthy Start intervention study,
as it was not possible to blind the health consultants
concerning the group assignment of each child. However,
to attempt to reduce this problem, detailed manuals and
guidelines were developed on the practical conduction of
the consultations with the families in both the intervention
group and the control group.
Table 4 Effects of the intervention on diet quality and intakes of fruit, vegetables, fish and sugar-sweetened beverages
(SSB) at 15-month follow-up*: obesity-prone normal-weight Danish pre-school children, Healthy Start study, 2009–2011
Intervention group Control group
n Mean 95% CI Mean 95% CI P value
Fruit (g/d)
PP 285 99 89, 109 101 92, 110 0·76
ITT† 543 98 87, 109 97 84, 109 0·89
Vegetables (g/d)
PP 285 115 103, 128 116 106, 125 0·96
ITT† 543 110 97, 123 113 102, 123 0·75
Fish (g/d)
PP 285 20 16, 25 15 13, 18 0·07
ITT† 543 19 15, 24 15 11, 19 0·21
SSB (g/d)
PP 285 71 57, 86 81 66, 95 0·33
ITT† 543 72 54, 89 90 74, 105 0·16
DQI (units)
PP 285 4·3 4·2, 4·5 4·4 4·3, 4·5 0·41
ITT† 543 4·3 4·2, 4·4 4·4 4·3, 4·5 0·17
PP, per protocol; ITT, intention-to-treat (unadjusted model); DQI, diet quality index.
*The difference between groups was tested using linear regression modelling with adjustment for baseline levels. Results presented as
mean and 95% CI.
†Imputations on allocated group municipality, BMI Z-score, gender, age at baseline, number of months breast-fed without supplements,
physical activity level at baseline, total energy intake (kJ) at baseline, macronutrients (intake of protein, carbohydrates and fat;
percentage of energy) at baseline, food groups (intake of fish, SSB, fruit and vegetables; g/d) at baseline, maternal ethnicity, paternal
ethnicity, maternal education, paternal education, maternal BMI at baseline and paternal BMI at baseline.
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The generalizability of the results is subject to the limi-
tation that our study population was conﬁned to obesity-
prone children and our results may not apply to children
without a predisposition to obesity. However, the inter-
vention was truly a primary obesity prevention interven-
tion, as all included children were of normal weight at
baseline. In this way, and to the best of our knowledge,
the present intervention differs from all previous obesity
prevention interventions conducted to date as previous
interventions generally included groups of children of
mixed weights and the present study was conducted
among children who were all normal-weight(48). More-
over, due to a higher maternal education level among the
participating children these results may potentially not be
generalizable to children from all families.
From a public health perspective, the ﬁndings from the
current study emphasize that targeting the family’s indivi-
dual needs and resources may have positive impact on the
development of healthy dietary intake among pre-school
children.
Conclusion
In this primary prevention intervention study targeting
obesity-prone 2–6-year-old children, a decrease in total
energy intake was obtained among children in the inter-
vention group after 15 months of intervention. Overall the
composition of macronutrients and food intakes were not
different before and after the intervention, but the overall
intervention effect on energy intake resulted from lower
absolute intakes of carbohydrates and added sugar. The
observed lower total energy intake may be beneﬁcial in
the attempt to prevent excessive weight gain and later
potentially the development of overweight, and the lower
added sugar intake is an indicator of a better diet quality.
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